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(57) ABSTRACT

A semiconductor substrate 1s partitioned along scribing lines
so as to form a plurality of IC regions encompassed by seal
rings, wherein a passivation opening 1s formed in the scrib-
ing line 1in which a monitoring element 1s formed within a
monitoring element region, which 1s encompassed by sec-
ondary seal rings, which are constituted by metal layers,
oxidation layers and via holes. The secondary seal rings are
formed to encompass the periphery of the monitoring ele-
ment, which can thus precisely monitor characteristics of
integrated circuits because 1t 1s possible to prevent water and
impurities Irom infiltrating nto the monitoring element
region which is thus stabilized in characteristics.
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1
SEMICONDUCTOR SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to semiconductor substrates having
monitoring elements, which are formed 1n scribing lines for
the purpose of testing ICs.

This application claims priority on Japanese Patent Appli-
cation No. 2004-17586, the content of which 1s incorporated
herein by reference.

2. Description of the Related Art

Conventionally, semiconductor devices such as 1C chips
and LSI chips are manufactured using semiconductor wafers
such as silicon waters. In accordance with processes regard-
ing thin film growth, photolithography, and etching, a plu-
rality of integrated circuits (ICs) are formed on the same
semiconductor waier, which 1s subjected to cutting along
scribing lines by use of dicing saws and the like so as to
separate 1ndividual IC chips (or semiconductor chips),
wherein semiconductor chip are each subjected to bonding
with lead frames and are then subjected to resin molding.

Recently, a variety of electronic devices are manufactured
and developed to realize highly-sophisticated functions,
wherein they are reduced in sizes and dimensions realizing,
small thickness, whereby it 1s possible to produce composite
semiconductor devices having multiple functions realizing
functions of magnetic sensors, temperature sensors, and
pressure sensors, which are put to practical uses. For
example, composite semiconductor devices are accompa-
nied with magnetic sensors, an example of which 1s dis-
closed 1n Japanese Patent Application Publication No. HO5-
121793, wheremn IC chips are equipped with giant
magnetoresistive eflect elements (referred to as GMR ele-
ments).

FIG. 5§ 1s a plan view showing a silicon wafler (or a
semiconductor water) on which a plurality of semiconductor
devices (1.e., semiconductor chips having magnetic sensors)
are formed; FIG. 6 1s an enlarged plan view showing a
semiconductor device (1.e., a semiconductor chip having a
magnetic sensor) and 1ts periphery; and FIG. 7 1s a cross-
sectional view taken along line A—A in FIG. 6.

In FIG. 5, reference numeral 1 designates a silicon water
in which scribing lines 3 are formed 1n a latticed manner on
a silicon substrate (or a semiconductor substrate) so as to
form a plurality of IC regions 1n a matrix manner, wherein
the IC regions include IC components 4.

The IC components 4 each have a laminated structure in
which wiring layers including electric circuits and insulating,
layers are alternately laminated together. Specifically, as
shown 1n FIG. 6, the IC component 4 having a square shape
includes an IC 5§ implementing functions of various circuits
such as an analog-to-digital converter (ADC), a memory
(M), and an analog circuit (AnC), wherein GMR e¢lements 6
to 9 are respectively arranged externally of and 1n proximity
to prescribed sides (e.g., four sides 1n case of FIG. 6) of the
IC 5 and are electrically connected with the IC §5. That 1s, a
magnetic sensor 1s realized by the GMR elements 6 to 9.

Seal rings 11 are formed to encompass the IC component
4. Scribing lines 3, which are band-like regions having
prescribed widths, are formed outside of the seal rings 11 in
boundaries between adjacent IC regions. Channels 13 for
separation of individual semiconductor chips are formed at
the center of scribing lines 3.

FI1G. 7 shows a cross-sectional structure with regard to the
IC component 4, seal ring 11, and scribing line 3, wherein
an ntegrated circuit (IC) mmplementing functions of an
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analog-to-digital converter (ADC), a memory (M), and an
analog circuit (AnC) and an 1nsulating layer 22 composed of
silicon oxide are formed on a p-type silicon substrate
(referred to as a p-S1 substrate) 21; an insulating layer 23 1s
formed to cover the IC and the msulating layer 22 such the
one end thereof extends to the seal ring 11; a wiring layer
24a having a prescribed wiring pattern, an insulating layer
235a, a wiring layer 24b having a prescribed wiring pattern,
and an insulating layer 256 are sequentially formed and
laminated together on the insulating layer 23. The three
insulating layers 23, 23a, and 255 are arranged at vertically
different positions, wherein the insulating layers 234 and
25b are each slanted and extend in the seal ring 11 1n such
a way that the insulating layer 25a covers the insulating
layer 23, and the imsulating layer 256 covers the insulating
layer 25a.

The GMR elements 6 to 9 and a wiring layer 24¢ are
formed on a planar surface of the msulating layer 255, and
a metal layer 26, which 1s formed in the same level of the
wiring layer 24c¢, 1s formed in a slanted surface of the
insulating layer 255, which extends in the seal ring 11, 1n
such a way that the lower end thereot 1s brought 1nto contact
with the p-type silicon substrate 21. In addition, a passiva-
tion film (or a protective isulating layer) 28 composed of
silicon nitride 1s formed to cover the GMR elements 69,
wiring layer 24¢, and metal layer 26. The wiring layers 24a
to 24¢ are electrically connected with each other by metals
filled 1nto via holes.

The passivation film 28 1s subjected to patterning such
that the lower end thereof 1s limited within the range of the
seal ring 11, so that the exposed region of the p-type silicon
substrate 21, which 1s not covered with the passivation film
28, 1s used for the scribing line 3.

FIG. 8 1s a cross-sectional view showing a second
example of a silicon water, wherein an IC component 31 1s
constituted such that a planar insulating layer 32 1s formed
to cover the GMR elements 6-—9 and the wiring layer 24¢ as
well as the upper end of the metal layer 26, and a passivation
film 33 1s formed to cover the planar insulating layer 32 and
the metal layer 26.

FIG. 9 1s a cross-sectional view showing a third example
of a silicon wafer, wherein a seal ring 41 1s subjected to
patterning to realize a laminated structure comprising the
insulating layer 23, a metal layer 42q that 1s formed 1n the
same level of the wiring layer 24a, the insulating layer 234,
a metal layer 4256 that 1s formed 1n the same level of the
wiring layer 24b, the msulating layer 255, and a metal layer
42¢ that 1s formed in the same level of the wiring layer 24c¢.
The metal layers 42a, 42b, and 42¢ are electrically con-
nected with each other by metals filled 1n via holes. In
addition, a planar msulating layer 32 1s formed to cover the
GMR elements 6—9 and the wiring layer 24¢ as well as one
end of the metal layer 42¢; a passivation film 33 1s formed
to cover the planar msulating layer 32 and the upper portion
of the metal layer 42¢ as well as the end portions of the
insulating layers 23, 25a, and 255, whereby the lower end of
the passivation film 33 1s limited within the range of the seal
ring 41.

As described above, the semiconductor chip having the
magnetic sensor 1s constituted mm such a way that the
magnetoresistive elements are incorporated into the IC;
hence, i1t can cope with the recent tendencies of electronic
devices that are reduced in sizes and dimensions realizing
small thickness.

Chip regions corresponding to semiconductor chips hav-
ing thin-film elements have multilayer structures in which
wiring layers imncluding electric circuits and insulating layers
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are laminated together with respect to the IC components 4
and 31 respectively. Thin-film elements such as magnetic
sensors are generally formed using thin films 1n order to
avold deterioration of properties thereof, wherein passiva-
tion layers are formed on multilayer structures to realize
planarity.

In the scribing line 3 partitioning chip regions, the surface
of the p-type silicon substrate 21 1s exposed so as to cause
a relatively great height difference; hence, nonuniformity of
resist application (i.e., striation) may occur in resist forma-
tion regions, which are used to form thin-film elements on
the IC components 4 and 31. This causes unwanted devia-
tions of shapes and dimensions of thin-film elements. In
addition, there 1s a possibility that contaminating substances
produced by thin-film elements may have adverse eflects on
the ‘exposed’ silicon-related portions of IC regions.

As disclosed 1n the aforementioned publication, semicon-
ductor devices such as IC devices and LSI devices have been
developed 1n such a way that thin-film elements such as
magnetoresistive elements are formed on ICs via mnsulating
layers, wherein uppermost wiring layers are connected with
thin-film elements via openings formed therein.

FIG. 15 1s a cross-sectional view showing an example of
a semiconductor device accompanied with a thin-film ele-
ment. That 1s, a semiconductor device 101 of FIG. 15 1s
manufactured 1in such a way that an insulating layer 102
composed of silicon oxide or silicon nitride 1s formed on the
upper portion of an IC formed on a silicon substrate (not
shown); and a wiring layer 103 having a prescribed pattern
1s formed on the insulating layer 102 and is electrically
connected with the IC via a via hole (not shown) that is
formed 1n the insulating layer 102.

An 1nsulating layer 104 composed of silicon oxide 1s
formed on the wiring layer 103; and an opening 105 1is
formed 1n the mnsulating layer 104 so as to expose the surface
of the wiring layer 103. In addition, a thin-film element 107
1s formed i1n association with the opening 105 of the 1nsu-
lating layer 104 via a wiring layer 106 therefor. Furthermore,
an sulating film 108 composed of silicon nitride 1s formed
to encompass peripheral ends of the thin-film element 107.

Next, a method for forming the opeming 105 will be
described. As shown 1 FIG. 16A, vacuum evaporation or
sputtering 1s pertormed to form the wiring layer 103 having
the prescribed pattern on the nsulating layer 102; then, the
CVD (.e., Chemical Vapor Deposition) process 15 per-
formed to form the insulating layer 104, which entirely
covers the msulating layer 102 and the wiring layer 103. The
spin-coating process 1s performed to apply a photoresist 109
onto the insulating layer 104. The photoresist 109 1s exposed
to ultraviolet radiation via a mask (not shown) and 1s then
subjected to development; thus, it 1s possible to form an
opening 109a whose pattern matches the pattern of the mask
on the photoresist 109.

Then, plasma etching or reactive 1on etching 1s performed
on the insulating layer 104 by using the photoresist 109 as
a mask so that the upper surface of the wiring layer 103 1s
exposed as shown in FIG. 16B, wherein an opening whose
pattern matches the pattern of the opening 109q 1s formed in
the 1nsulating layer 104.

As shown 1n FIG. 16C, the photoresist 109 1s removed,
and vacuum evaporation or sputtering 1s performed to
sequentially form films using a wiring material 11 and a
thin-1ilm element material 12 1n association with the wiring,
layer 103 and the insulating layer 104.

Thereatfter, patterning 1s performed on the wiring material
11 and the thin-film element material 12, thus forming the
wiring 106 and the thin-film element 107 shown in FIG. 15.
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An 1nsulating film 1s further formed on the insulating layer
104 and the thin-film element 107 and 1s then subjected to
patterning so as to form an 1nsulating film 108 1n connection
with peripheral ends of the thin-film element 107.

In order to realize desired characteristics of thin-film
elements, which are formed on ICs 1n semiconductor
devices, 1t 1s preferable to reduce dimensions of thin-film
clements and wiring layers therefor 1n thickness; and 1t 1s
preferable for wiring layers of thin-film elements to have
planar surfaces. Such ‘thin” wiring layers are formed to lie
across openings having cross-sectionally rectangular shapes
on ICs. This causes problems 1n that wiring layers become
very thin 1n proximity to edges of openings and are therefore
easy to break compared with normal wiring layers formed 1n
semiconductor devices.

The aforementioned problems may be solved by reducing
height differences before the formation of thin-film ele-
ments, wherein insulating layers are covered with planar
isulating layers. However, 1t may be difhicult to eliminate
height differences between 1Cs and thin-film elements in
proximity edges of openings. That 1s, 1n the semiconductor
device 101, the opening 105 has sharply rising walls 1n both
sides thereof; hence, the wiring layer 106 may be easy to
break 1 proximity to the opening 105. This reduces the
reliability in manufacturing semiconductor devices.

The aforementioned drawback may be solved by forming
the upper portion of the wall of the opening roughly 1n a
semi-spherical shape or a tapered shape. This may reduce
the possibility regarding breaks of the wiring layer; how-
ever, due to the sharpness of the lower portion of the wall of
the opeming, there remain possibilities 1n that the wiring
layer may be easy to break in proximity to the opeming and
may be reduced 1n thickness inside of the opening, which
causes reduction of the reliability in manufacturing semi-
conductor devices.

A plurality of ICs are simultaneously formed on the
surface of a single semiconductor substrate (or a single
semiconductor water), which 1s subjected to cutting using a
dicing saw along scribing lines in the final step of manu-
facture, thus separating individual chips for semiconductor
devices.

Various defects such as film defects and crystal defects,
which occur 1n IC forming processes, are distributed on the
surface of the semiconductor substrate so as to cause defec-
tiveness 1n ICs; therefore, 1t 1s preferable to exclude such
defective chips on the semiconductor substrate before cut-
ting into chips through inspection. For this reason, monitor-
ing elements are formed outside of chip regions so as to
monitor characteristics of semiconductor elements and vari-
ous values regarding processes of formation of semiconduc-
tor elements 1n progress, wherein characteristic inspection 1s
performed using monitoring elements before the semicon-
ductor substrate 1s cut into chips. This makes it possible to
determine quality and defectiveness of 1C chips before being
installed 1 individual semiconductor devices. Normally,
monitoring elements are formed on scribing lines, whereby
alter the completion of the characteristic inspection, they are
destroyed by the dicing saw when the semiconductor sub-
strate 1s subjected to scribing 1nto chips.

Scribing lines are linear regions, which are formed
between IC regions and each of which has a prescribed
width allowing formation of a channel used for separation of
chips. Various methods have been developed to form moni-
toring elements for testing by use of scribing lines. For
example, Japanese Patent Application Publication No. S37-
113241 discloses that monitoring elements for monitoring
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basic circuit characteristics or manufacturing parameters are
formed on scribing lines or in the periphery of scribing lines.

Japanese Patent Application Publication No. S§59-14663
discloses that 1n order to improve the detection precision of
pressure defects due to crystal defects, monitoring elements
are increased 1n areas and are formed along scribing lines.

FIG. 26 1s a plan view showing the layout for arranging
monitoring elements within scribing lines, wheremn two
scribing lines 202 are formed between four IC regions 201,
which adjoin together, and a plurality of monitoring ele-
ments 203 having connection pads for use 1n characteristic
measurement are formed in the scribing lines 202. Reference
numeral 204 designates a passivation opening in which
passivation layers are removed 1n order to facilitate dicing.

As described above, the monitoring elements 203 are
formed using the scribing lines 202, which are vacant areas
on the semiconductor substrate, wherein after the comple-
tion of formation of ICs, the semiconductor substrate 1s
subjected to cutting along the scribing lines 202, thus
separating IC chips.

Japanese Patent Application Publication No. HO7-37839
discloses a semiconductor device that has a protection
structure for encompassing the periphery of an IC by seal
rings in order to prevent water or impurities, which cause
characteristic defects, from infiltrating into cut surfaces
when the semiconductor substrate 1s cut into chips.

FIG. 27 1s a cross-sectional view showing a seal ring
structure for protection of an IC, which 1s formed 1n an IC
region 201. A plurality of IC regions 201 are formed on the
surface of a silicon substrate 201 and are each constituted by
integrated circuits and multilayer wiring, wherein the seal
ring structure 1s formed 1n the periphery of the IC region in
order to prevent water and impurities from infiltrating
therein.

In the seal ring structure, a first interlayer insulating film
214, a first wiring layer 216, a second interlayer msulating
film 218, a second wiring layer 220, and a passivation film
222 are sequentially formed to cover the end of a field
oxidation film 212 and to encompass the IC region 201
formed on the surface of the silicon substrate 211. CVD
oxidation films and SOG (Spin On Glass) films, which are
formed by spin-coating of silica solution, are frequently
used as the interlayer msulating films 214 and 218. In
addition, silicon nitride films produced by plasma CVD are
frequently used as the passivation film 222.

FIG. 28 1s a plan view magnifying the periphery of a
monitoring element 203 formed in a scribing line 202 at the
boundary between adjacent IC regions 201, wherein seal
rings 205 are formed to encompass the IC regions 201,
whereas no seal ring 1s formed in the periphery of the
monitoring element 203 formed in a monitoring element
region 231 1n the scribing line 202.

FI1G. 29 1s a cross-sectional view taken along line E-E' in
FIG. 28. The uppermost surface of the scribing line 202 1s
covered with the ‘solid’ passivation film 222, which 1s
partially removed 1n the passivation opening 204 in which
an interlayer insulating film 215-2 such as a CVD oxidation
film or a SOG film 1s partially exposed. The CVD oxidation
film and SOG film have low ability to block water because
they transmit water therethrough, so that they are insuflicient
to protect the monitoring element 203.

As described above, various measures for blocking water
infiltration are normally adapted to the peripheries of ICs 1n
IC chips; however, no measure for blocking water infiltra-
tion 1s adapted to monitoring elements. For this reason, in IC
chips having monitoring elements, water infiltrating into
passivation openings ol scribing lines cause fixed charges in

5

10

15

20

25

30

35

40

45

50

55

60

65

6

interlayer insulating films, which make characteristics of
monitoring elements to be unstable. This makes 1t difficult
for monitoring elements to achueve the purpose for precisely
monitoring internal conditions of IC chips.

SUMMARY OF THE INVENTION

It 1s an object of the invention to provide a semiconductor
substrate 1n which monitoring elements formed in scribing,
lines are encompassed by seal rings so as to block water and
impurities from infiltrating into ICs, thus stabilizing char-
acteristics of monitoring elements.

According to the invention, a semiconductor substrate 1s
partitioned along scribing lines so as to form a plurality of
IC regions encompassed by seal rings, wherein a passivation
opening 1s formed 1n the scribing line 1n which a monitoring
clement 1s formed within a monitoring element region,
which 1s encompassed by secondary seal rings. The second-
ary seal rings are specifically formed to encompass the
periphery of the monitoring element, which can thus pre-
cisely monitor characteristics of integrated circuits because
it 1s possible to prevent water and other impurities from
infiltrating 1into the monitoring element region, which 1s thus
stabilized 1in characteristics.

In the above, the secondary seal rings are each connected
with a silicon substrate, whereby 1t 1s possible to stabilize
well potential and to improve the precision of monitoring. In
addition, a part of the secondary seal rings share the same
functions of the seal rings used for the formation of the IC
regions, whereby it 1s possible to eflectively use the area
used for the formation of the scribing line, which can be thus
reduced 1n width. Furthermore, a part of the secondary seal
ring, which lies between the monitoring element region and
the passivation opening in the scribing line, 1s removed,
whereby 1t 1s possible to easily estimate the diffusion veloc-
ity of water into interlayer insulating layers 1n the monitor-
ing element region. It 1s preferable that the width of the seal
ring be greater than the width of the secondary seal ring.

Moreover, the seal ring has a laminated structure having
a plurality of metal layers, which are laminated together via
an 1nsulating layer and are mutually connected together via
a contact hole. In addition, the secondary seal ring has a
laminated structure having a plurality of metal layers, which
are laminated together via an insulating layer and are
mutually insulated from each other by way of a via hole.
Thus, 1t 1s possible to secure the long-term guarantee of
reliability with respect to the seal ring used for the formation
of the IC region; 1t 1s possible to reduce the overall area used
for the formation of the secondary seal ring; and 1t is
possible to improve the yield of production of chips per one
substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, aspects, and embodiments of the
present invention will be described in more detail with
reference to the following drawings, 1n which:

FIG. 1 1s a cross-sectional view showing essential parts of
a silicon water i accordance with a first embodiment of the
imnvention;

FIG. 2 1s a cross-sectional view showing essential parts of
a silicon wafer in accordance with a second modified
example of the first embodiment of the mvention;

FIG. 3 1s a cross-sectional view showing essential parts of
a silicon wafer 1n accordance with a third modified example
of the first embodiment of the invention;
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FIG. 4 1s a cross-sectional view showing essential parts of
a silicon waler 1n accordance with a fourth modified
example of the first embodiment of the invention;

FIG. 5 1s a plan view showing an example of a silicon
walfer:;

FIG. 6 1s an enlarged plan view showing a semiconductor
chip having a magnetic sensor and 1ts periphery;

FIG. 7 1s a cross-sectional view taken along line A—A in
FIG. 6;

FIG. 8 1s a cross-sectional view showing a second
example of the silicon water;

FIG. 9 15 a cross-sectional view showing a third example
of the silicon wafter;

FIG. 10 1s a cross-sectional view showing essential parts
of a semiconductor device having thin-film elements 1n
accordance with a second embodiment of the invention;

FIG. 11A 1s a cross-sectional view showing a first step for
manufacturing the semiconductor device shown 1n FIG. 10;

FIG 11B 1s a cross-sectional view showing a second step
for manufacturing the semiconductor device shown 1n FIG.
10;

FIG. 11C 1s a cross-sectional view showing a third step for
manufacturing the semiconductor device shown in FIG. 10;

FIG. 11D 1s a cross-sectional view showing a fourth step
for manufacturing the semiconductor device shown in FIG.
10;

FIG. 12 1s a cross-sectional view showing essential parts

of a semiconductor device 1n accordance with a first modi-
fied example of the second embodiment of the invention;

FIG. 13 1s a cross-sectional view showing essential parts
of a semiconductor device 1 accordance with a second
modified example of the second embodiment of the inven-
tion;

FIG. 14 1s a cross-sectional view showing essential parts
ol a semiconductor device 1n accordance with a third modi-
fied example of the second embodiment of the invention;

FIG. 15 1s a cross-sectional view showing an example of
a semiconductor device having a thin-film element;

FIG. 16A 1s a cross-sectional view showing a first step for
manufacturing the semiconductor device shown 1n FIG. 15;

FIG. 16B 1s a cross-sectional view showing a second step
for manufacturing the semiconductor device shown in FIG.
15;

FIG. 16C 1s a cross-sectional view showing a third step
for manufacturing the semiconductor device shown 1n FIG.
15;

FI1G. 17 1s a plan view showing the layout of a monitoring
clement, seal rings, and IC regions formed on a semicon-

ductor substrate 1n accordance with a third embodiment of
the invention;

FIG. 18 1s a cross-sectional view taken along line A—A' in
FIG. 17, which shows essential parts 1n relation to a sec-
ondary seal ring used for the protection of the monitoring
element;

FIG. 19 15 a cross-sectional view taken along line B-B' in
FIG. 17, which shows essential parts 1n relation to a seal ring

used for the formation of the IC region;

FIG. 20 1s a plan view showing the layout for arranging
a monitoring element 1n a scribing line on the surface of a
semiconductor substrate 1n accordance with a first modified
example of the third embodiment of the invention;

FI1G. 21 1s a cross-sectional view taken along line C—C' in
FIG. 20, which shows essential parts with respect to a
secondary seal ring used for the protection of the monitoring
element;
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FIG. 22 1s a cross-sectional view taken along line D-D' 1n
FIG. 20, which shows essential parts with respect to a seal
ring used for the formation of an IC region;

FIG. 23 15 a plan view showing the layout for arranging,
a monitoring element 1n a scribing line on a semiconductor
substrate 1n accordance with a second modified example of
the third embodiment of the invention:

FIG. 24 1s a plan view showing the layout for arranging
a monitoring element 1n a scribing line on a semiconductor
substrate in accordance with a third modified example of the
third embodiment of the invention;

FIG. 25 1s a plan view showing the layout for arranging
a monitoring element 1n a scribing line on a semiconductor
substrate 1n accordance with a fourth modified example of
the third embodiment of the invention:

FIG. 26 1s a plan view showing the layout for arranging
monitoring elements 1n scribing lines on the surface of a
semiconductor substrate on which a plurality of IC regions
are formed:

FIG. 27 1s a cross-sectional view showing a seal ring
structure adapted to the IC region;

FIG. 28 1s an enlarged plan view showing a monitoring
clement formed 1n a monitoring element region 1n a scribing
line; and

FIG. 29 1s a cross-sectional view taken along line E-E' in
FIG. 28.

(L]

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

This invention will be described 1n further detail by way
of examples with reference to the accompanying drawings.

1. First Embodiment

FIG. 1 1s a cross-sectional view showing essential parts of
a silicon wafer (or a semiconductor wafer) in which a
plurality of semiconductor devices (i.e., semiconductor
chips having magnetic sensors) are formed 1n accordance
with a first embodiment of the invention, wherein parts
identical to those shown in FIG. 7 are designated by the
same reference numerals.

In FIG. 1, reference numeral 51 designates an IC that 1s
formed 1n an IC region of the p-type silicon substrate 21;
reference numeral 52 designates a seal ring that 1s formed 1n
the periphery of the IC 51; and reference numeral 53
designates a scribing line (or a scribing region) that is
formed outside of the seal ring 52 in the boundary between
adjacent IC regions.

An 1nsulating layer 23 composed of silicon dioxide (S10,)
1s formed to cover the IC 51 and the scribing line 53 on the
p-type silicon substrate 21; a wiring layer 24aq having a
prescribed wiring pattern composed ol prescribed metals
such as gold (Au) and aluminum (Al) 1s formed on the
isulating layer 23; a metal layer 54a composed of the same
materials of the wirning layer 24a 1s formed to cover the
center portion of the seal ring 52; and an insulating layer 25a
composed of S10, 1s formed to cover both ends of the metal
layer 54a 1n connection with the msulating layer 23 and the
wiring layer 24a.

In addition, a wiring layer 245 having a prescribed wiring
pattern composed of prescribed metals such as Au and Al 1s
formed on the insulating layer 25q; a metal layer 54b
composed of the same materials of the wiring layer 245 1s
formed such that the lower portion thereof comes 1n contact
with the metal layer 54q; an msulating layer 2356 1s formed
to cover the wiring layer 245 and the msulating layer 25q as
well as the both ends of the metal layer 545; GMR elements
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6-9 and a wiring layer 24¢ are formed above the planar
surface of the ‘uppermost’ insulating layer 2355; and a metal
layer 54¢ composed of the same material of the ‘uppermost’
wiring layer 24¢ 1s formed to cover the center portion of the
seal ring 52 such that the lower portion thereol comes 1n
contact with the metal layer 545.

Furthermore, a planar insulating layer 55 composed of
S10, 1s formed to cover the wiring layer 24¢ and the metal
layer 54¢; a passivation film (or a protective insulating layer)
56 composed of silicon nitride (1.e., S1;N,,) 1s formed on the
planar 1nsulating layer 55; and the GMR e¢lements 6-9 are
formed on the passivation film 56.

As described above, the planar insulating layer 55 1s
arranged to cover all of the IC 51, seal ring 52, and scribing
line 53 and 1s formed to have a planar surface, by which 1t
1s possible to eliminate the height difference between the IC
51 and the scribing line 53. This eliminates the nonunifor-
mity of resist application even when a resist 1s applied onto
the IC 51 1n order to realize the further formation of thin-film
clements; and it 1s possible to improve the precision of
dimensions in the formation of thin-film elements further

formed on the IC 51.

Next, a method of manufacturing a silicon water will be
described 1n detail.

In accordance with the normal thin-film formation pro-
cess, the msulating layer 23, wiring layer 24a, metal layer
54a, msulating laver 23a, wiring layer 245, metal layer 545,
insulating layer 255, GMR elements 6-9, wiring layer 24c,
and metal layer 54¢ are sequentially formed on the p-type
silicon substrate 21.

In accordance with the SOG (1.e., Spin On Glass) method,
a liquid mainly composed of perhydropolysilazane 1is
applied onto the wiring layer 24¢ and the metal layer 54c;
then, the semiconductor chip 1s left alone for a prescribed
time so as to realize leveling, thus forming a planar film. The
planar film applied to the semiconductor chip 1s subjected to
burning at 450° C. or so in the atmospheric air so as to form
the planar insulating layer 55 composed of high-purity S10,,.
The surface of the planar insulating layer 55 has a superior
degree of planarity.

In accordance with the chemical vapor deposition (CVD)
method, the passivation film 56 composed of S1;N, 1s
formed to cover the planar insulating layer 55.

In the plasma CVD method, for example, a prescribed
matenal such as SitH,—NH,(N,) or S1tH,—N,O 1s used to

realize film formation at a film growth temperature of about
300° C.

Next, the GMR elements 69 are formed on the passiva-
tion film 56.

Thereafter, a second protective insulating layer (not
shown) 1s formed to cover the GMR elements 6-9.

In the aforementioned manufacturing method, the planar
insulating layer 335 1s formed to entirely cover the wiring
layer 24¢ and the metal layer 34c¢; thus, 1t 1s possible to
climinate the height difference between the IC 51 and the
scribing line 53. This facilitates the production of a silicon
waler having no height difference between the IC 51 and the
scribing line 33.

In addition, the aforementioned liquid mainly composed
of perhydropolysilazane 1s applied onto the wiring layer 24¢
and the metal layer 54¢; then, the semiconductor chip is
subjected to burning at 450° C. or so 1n the atmospheric atir,
thus forming the planar insulating layer 35 composed of
high-purity S10,. Thus, 1t 1s possible to produce the planar
insulating layer 55 whose surface has a superior degree of
planarity.
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According to the silicon water of the present embodiment,
the planar msulating layer 55 having the planar surface 1s
formed to entirely cover the IC 51, seal ring 52, and scribing
line 53, whereby it 1s possible to eliminate the height
difference between the IC 51 and the scribing line 53. This
reduces the nonuniformity of resist application even when a
resist 1s applied to the IC 51 1n order to realize the further
formation of thin-film elements; therefore, 1t 1s possible to
improve the precision of dimensions in the formation of
thin-film elements on the IC 31.

According to the manufacturing method of the silicon
waler of the present embodiment, the planar insulating layer
55 1s formed to entirely cover the IC 51, seal ring 352, and
scribing line 53; therefore, it 1s possible to produce the
s1licon water having no height difference between the IC 51
and the scribing line 53.

In addition, the liquid mainly composed of perhydropol-
ysilazane 1s applied onto the IC 51, seal ring 52, and scribing
line 53; then, the semiconductor chip 1s subjected to burning
at 450° C. or so 1n the atmospheric air so as to form the
planar insulating layer 35 composed of high-purity S10,,
whereby 1t 1s possible to easily produce the planar insulating
layer 55 whose surface has a superior degree of plananty.

Next, modified examples of the present embodiment will
be described 1n detail.

A first modified example will be described with regard to
the manufacturing method of a silicon watfer with reference
to FIG. 1.

In accordance with the normal thin-film formation pro-
cess, the msulating layer 23, wiring layer 24a, metal layer
54a, insulating layer 25a, wiring layer 245, metal layer 545,
isulating layer 255, wiring layer 24¢, and metal layer 34c¢
are sequentially formed on the p-type silicon substrate 21.

In accordance with the CVD method, a prescribed mate-
rial of S1H,—O, 1s processed to form the planar insulating
layer 55 composed of S10,, which covers the wiring layer
24¢ and the metal layer 54c.

Irregularities are formed on the surface of the planar
isulating layer 35 in correspondence with projections and
hollows formed on the insulating layer 2556, wiring layer
24c, and metal layer 54¢. Chemical mechanical polishing
(CMP) 1s performed on the entire surface of the planar
insulating layer 55, which 1s thus made completely planar.

The CMP 1s performed 1n such a way that a silicon water
(which 1s a polished subject) 1s arranged on a polishing head;
slurry, 1n which fine particles composed of S10, and cerium
oxide (CeO,) are dispersed in alkaline solution such as
potassium hydroxide (KOH) and aqueous ammonia
(NH_,OH), 1s subjected to dripping onto a polishing pad that
1s equipped with a fraise; the silicon water 1s rotated at a
prescribed angular velocity under a prescribed pressure, so
that 1t revolves on the fraise rotating at a different angular
velocity.

Thus, 1t 1s possible to polish the surface of the planar
insulating layer 55, which thus has a high degree of optical
planarity on the order of nanometers.

In accordance with the CVD method, the passivation film
56 composed of S1;N, 1s formed to cover the planar insu-
lating layer 55. In the plasma CVD process, for example, a
prescribed material of SiH,—NH,(IN,) or SiH,—N,O 1s
used for the film formation at a film growth temperature of
300° C..

As described above, 1t 1s possible to produce the silicon
waler 1n which no height diflerence 1s formed between the
IC 51 and the scribing line 53.

According to the aforementioned manufacturing method,
the planar msulating layer 55 1s formed to cover the IC 51,
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seal ring 52, and scribing line 53; then, the surface of the
planar insulating layer 55 1s subjected to planation; hence, 1t
1s possible to easily produce the silicon wafer having no
height difference between the IC 51 and the scribing line 53.

The CMP 1s performed to polish the entire surface of the
planar insulating layer 35, whereby 1t 1s possible to easily
process the planar msulating layer 55 to have a high degree
of optical planarity on the order of nanometers. This makes

it easy to produce the silicon wafer having no height
difference between the IC 51 and the scribing line 53.

Instead of the CMP performed on the entire surface of the
planar insulating layer 53, 1t 1s possible to perform the CMP
on the surface of the passivation film 56. In this case, it 1s

possible to easily produce the silicon waier having no height
difference between the IC 51 and the scribing line 53.

Next, a second modified example will be described with
reference to FIG. 2, which 1s a cross-sectional view showing
essential parts of a silicon wafer on which a plurality of
semiconductor devices (1.e., semiconductor chips having
magnetic sensors) are formed. Compared with the silicon
waler ol FIG. 1 1n which the planar msulating layer 35 1s
formed to entirely cover the metal layer 34¢, and the
passivation film 56 1s formed on the entire surface of the
planar isulating layer 55, the silicon water of FIG. 2 1s
characterized 1n that dry etching 1s performed to selectively
remove a prescribed region of the planar msulating layer 55
above the metal layer 54¢ so as to form a window 57, by
which a cavity 1s exposed in correspondence with the
scribing region of the metal layer 54¢, so that the passivation
film 56 1s formed to cover the ‘remaining’ planar insulating
layer 55 and the ‘exposed’ metal layer 54c.

A manufacturing method of the silicon water of FIG. 2
will be described 1n detail.

In accordance with the aforementioned steps used 1n the
present embodiment (see FIG. 1), the planar insulating layer
535 1s formed to entirely cover the metal layer 54¢. Then, dry
ctching 1s performed to selectively remove a prescribed
region of the planar imnsulating layer 55 above the metal layer
54¢, thus exposing the cavity 1n correspondence with the
scribing region of the metal layer 54¢. Thereafter, the plasma
CVD method 1s performed to form the passivation film 56 to
cover the planar insulating layer 55 and the exposed metal
layer 54c¢. Thus, 1t 1s possible to produce the silicon water of

FIG. 2 having no height diflerence between the IC 51 and the
scribing line 53.

According to the second modified example of the silicon
waler 1n which the planar insulating layer 55 entirely covers
the IC 51 and the scribing line 53, 1t 1s possible to eliminate

the height diflerence between the IC 51 and the scribing line
53.

In addition, the second modified example i1s characterized
in that dry etching 1s performed to selectively remove a
prescribed region of the planar insulating layer 35 above the
metal layer 54¢, and the passivation film 56 1s formed to
directly cover the exposed metal layer 34¢. This causes the
seal ring 52 to partially break the planar insulating layer 55,
which may act as the water infiltration path; hence, it 1s
possible to prevent water from infiltrating into the I1C 31.

Furthermore, according to the manufacturing method of
the silicon water of the second modified example, the planar
insulating layer 55 1s subjected to etching so as to expose the
cavity in correspondence with the scribing region of the
metal layer 34¢, wherein the passivation film 56 1s formed
to cover the exposed metal layer 34¢. Thus, 1t 1s possﬂ:)le to
casily produce the silicon water having no height difference
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between the IC 51 and the scribing line 53, which also
climinates the possibility that water will infiltrate into the IC

> 1.

Next, a third modified example will be described with
reference to FIG. 3, which 1s a cross-sectional view showing
essential parts of a silicon wafer on which a plurality of
semiconductor devices (1.e., semiconductor chips having
magnetic sensors) are formed. Compared with the silicon
waler of FIG. 1 1n which the planar msulating layer 35 1s
formed to enftirely cover the metal layer 54¢, and the
passivation film 56 1s formed on the entire surface of the
planar insulating layer 55, the silicon water of FIG. 3 1s
characterized in that dry etching 1s performed to selectively
remove a prescribed region of the planar insulating layer 335
above the relatively planar portion of the metal layer 54¢ so
as to form a window 58, by which the relatively planar
portion of the metal layer 54¢ 1s exposed; then, the passi-
vation film 56 1s formed to cover the planar mnsulating layer
535 and the exposed portion of the metal layer 54c.

In the above, the relatively planar portion of the metal
layer 54¢ corresponds to the boundary between the scribing
region and the IC region with respect to the metal layer 54c,
wherein the metal layer 54 1s partially made planar.

In the silicon water of FIG. 3, the planar msulating layer
53 entirely covers the IC 51; 1t covers most of the seal ring
52; and 1t entirely covers the scribing line 53; hence, 1t 1s
possible to extremely reduce the height difference between
the IC 51 and the seal ring 52.

In addition, etching 1s performed to selectively remove
the prescribed region of the planar msulating layer 35 above
the relatively planar portion of the metal layer 54¢, and the
passivation film 56 1s formed to directly cover the exposed
portion of the metal layer 54¢. This causes the seal ring 52
to partially break the planar insulating layer 55, which may
act as the water filtration path; hence, i1t 1s possible to
prevent water from infiltrating into the IC 51.

Next, a fourth modified example will be described with
reference to FI1G. 4, which 1s a cross-sectional view showing
essential parts of a silicon wafer on which a plurality of
semiconductor devices (1.e., semiconductor chips having
magnetic sensors) are formed. Compared with the silicon
waler of FIG. 1 1 which the planar insulating layer 35
entirely covers the metal layer 34¢, and the passivation film
56 1s formed on the entire surface of the planar msulating
layer 35, the silicon wafer of FIG. 4 1s characterized 1n that
dry etching 1s performed on the planar msulating layer 55 1n
its certain depth so as to expose the surface of the metal layer
54¢, which 1s made 1dentical 1n level to the surface of the
planar insulating layer 55, and the passivation film 56 1s
formed on the entirely planar surface so as to cover the
remaining portion of the planar insulating layer 55 and the
metal layer 54c.

In the silicon water of FIG. 4, the planar msulating layer
535 entirely covers the IC 31, seal ring 52, and scribing line
53; hence, it 1s possible to eliminate the height difference
between the IC 51 and the seal ring 52.

This causes the seal ring 352 to partially break the planar
insulating layer 35, which may act as the water infiltration
path, by the metal layer 54¢; hence, 1t 1s possible to prevent
water from infiltrating into the IC 51.

2. Second Embodiment

FIG. 10 1s a cross-sectional view showing essential parts
of a semiconductor device having thin-film elements 1n
accordance with a second embodiment of the invention,
wherein reference numeral 121 designates a p-type silicon
substrate (or a semiconductor substrate); reference numerals
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122 designate transistors formed on the silicon substrate;
and reference numerals 123 designate field insulating films
composed of silicon oxide, which are formed between the
transistors 122. Herein, an IC region 124 includes the
transistors 122, field mnsulating films 123, and peripheral 5
circuits and other elements (not shown), which are formed
on the silicon substrate 121.

The transistors 122 are each constituted by sources 131a
and drains 1315, which are formed at upper ends of n+
embedded layers 130 formed on the silicon substrate 121, 10
and gates 131d that are formed above the sources 131a and
drains 13156 via S10, films (or mnsulating films) 131c.

On the IC region 124, there are sequentially formed an
insulating layer 132 composed of silicon oxide, a first wiring
layer 133 having a prescribed pattern composed of Al, T1, 15
TiN, W, and Cu, an 1nsulating layer 134 composed of silicon
oxide that covers the insulating layer 132 and the first wiring
layer 133, and a second wiring layer 135 having a prescribed
pattern composed of Al, Ti, TiN, W, and Cu, as well as
insulating layers 136, 137, and 138 composed of silicon 20
oxide, silicon nitride, or lamination of silicon oxide and
silicon nitride, which are laminated together so as to cover
the isulating layer 134 and the second wiring layer 135. In
addition, contacts 141, composed of Al, T1, TiN, W, and Cu,
for establishing electric connections between the n+embed- 25
ded layer 130 and the first wiring layer 133 are embedded 1n
the msulating layer 132. Furthermore, vias 142, composed
of Al, Ti, TiN, W, and Cu, for establishing electric connec-
tions between the first wiring layer 133 and the second
wiring layer 135 are embedded in the insulating layer 134. 30

Openings 136a, 137a, and 138a are respectively formed
in the msulating layers 136, 137, and 138 so as to partially
expose the upper surface of the second wiring layer 135. The
wall of the opening 136qa 1s slanted 1n such a way that the
opened area of the opening 1364 1s gradually expanded from 35
the bottom to the upper end, wherein the slanted wall of the
opening 1364 has a slanted angle 0 that ranges from 20° to
80° against the bottom of the mnsulating layer 136.

The opened area of the opening 137a 1s expanded to form
a step-like portion above the opening 1364, wherein the wall 40
of the opening 137a 1s slanted 1n such a way that the opened
area 1s gradually expanded from the bottom to the upper end,
and wherein the slanted angle of the slanted wall of the
opening 137a ranges from 20° to 80° against the bottom of
the 1sulating layer 137. 45

Similarly, the opened area of the opening 138a 1is
expanded to form a step-like portion above the openings
136a and 137a, wherein the wall of the opening 138a 1s
slanted 1n such a way that the opened area 1s gradually
expanded from the bottom to the upper end, and wherein the 50
slanted angle of the slanted wall of the opening 138a ranges
from 20° to 80° against the bottom of the insulating layer
138.

A wiring layer 139 for establishing electric connection
between a thin-film element (not shown), which 1s formed 55
on the insulating layer 138, and the second wiring layer 135
1s formed on the walls of the opening 136a to 1384 and the
upper surface of the second wiring layer 135.

In the semiconductor device having the thin-film element
described above, the walls of the openings 136a to 138a, 60
which expose the upper surface of the second wiring layer
135, are formed 1n a step-like manner and are each slanted
against the bottoms of the mnsulating layers 136 to 138 by
prescribed slanted angles ranging from 20° to 80°. This
increases the thickness of the wiring layer 139 that are 65
tormed on the walls of the openings 136a to 138a; hence, 1t
1s possible to reliably prevent the wiring layer 139 for the
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thin-film element from being broken. In addition, it 1s
possible to avoid the occurrence of imitial characteristic
tailure such as open failure due to failure of the wiring layer
139; hence, 1t 1s possible to improve the reliability of
semiconductor devices having thin-film elements.

Next, a method for forming the openings 136a to 138a
will be described 1n detail.

As shown 1n FIG. 1A, the insulating layer 136 1s formed
to entirely cover the msulating layer 134 and the second
wiring layer 135; a resist film 151 1s formed on the insulating
layer 136; then, the resist {ilm 151 1s subjected to patterning
using a mask, thus forming an opening 151q at a prescribed
position of the resist film 151.

The resist film 151 15 exposed to light whose wavelength
ranges from 100 nm to 500 nm, pretferably, from 140 nm to
450 nm, for a prescribed time period ranging from 100 msec
to 2000 msec; then, the semiconductor device 1s subjected to
heating using a heating device (e.g., a hot plate or an oven)
at a prescribed temperature ranging from 120° C. to 200° C.
for a prescribed time ranging from 1 min to 60 min.

Thus, it 1s possible to produce the resist film 151 as shown
in FIG 11B, 1n which thickness t ranges from 500 nm to 3000
nm; width Wa of the opening 151a ranges from 1 mn to 100
nm, preferably from 10 nm to 50 nm, and optimally 20 nm;
slanted angle 0 of the wall of the opening 151a ranges from
20 to 80° against the bottom of the resist film 151.

As shown in FIG. 11C, etching 1s performed on the
insulating layer 136 using the resist film 151 as a mask,
wherein the msulating layer 136 1s exposed to etching gas
(or selective removal gas) g including freon gas and oxygen
gas.

Specifically, the etching gas g 1s realized as mixed gas
having a prescribed composition including CF, ranging
from 20 sccm to 80 sccm, CHF, ranging from 60 sccm to
200 sccm, and O, ranging from 80 sccm to 120 scem.

Preferably, the mixed gas has a composition including
CF, of 60 sccm, CHF; of 180 sccm, and O, of 100 sccm or
a composition including CF, of 30 sccm, CHF; of 180 sccm,
and O, of 100 sccm.

In the above, the wall of the opening 151a of the resist
film 151 1s slanted so that when the etching gas g 1s sprayed
from the upper position of the resist film 151 to the insu-
lating layer 136, it causes erosion ol the resist in the
periphery of the opeming 151aq, which 1s thus gradually
expanded in width from Wa to Wb. That 1s, the opening 151a
of the resist film 151 1s expanded by etching, whereby the
opened area of the opening 1364 i1s gradually expanded as
the opening 151a of the resist film 151, which 1s reduced 1n
dimensions. As a result, the wall of the opening 136a 1is
slanted by the slanted angle 0 ranging from 20° to 80°
against the bottom of the msulating layer 136.

Thereatter, the resist film 1351 1s completely removed.
Thus, as shown in FIG. 11D, it 1s possible to form the
insulating layer 136 having the opening 136a whose wall 1s
slanted by the slanted angle 0 ranging from 20° to 80°
against the bottom of the msulating layer 136.

By repeating the atorementioned steps, it 1s possible to
sequentially form the msulating layer 137 having the open-
ing 137a and the msulating layer 138 having the opening
138a above the msulating layer 136 having the opening
136a. Herein, 1t 1s necessary to use different masks (realized
by resist films) matching dimensions of the openings 137a
and 138a respectively.

As described above, the semiconductor device having
thin-film elements according to the present embodiment 1s
characterized 1n that the walls of the openings 1364 to 138a,
by which the upper surface of the second wiring layer 135
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1s exposed, are formed in a step-like manner and are each
slanted by the slanted angle ranging from 20° to 80° against
the bottoms of the mnsulating layers 136 to 138 respectively.
This increase the thickness of the wiring layer 139 formed
on the walls of the openings 136a to 138a; hence, 1t 15 5
possible to prevent the wiring layer 139 from being broken,
and 1t 1s possible to avoid the occurrence of the nitial
characteristic failure such as the open failure due to the
tailure of the wiring layer 139. Therefore, 1t 1s possible to
improve the reliability of wiring regarding thin-film ele- 10
ments 1n semiconductor devices, which are thus improved in
reliability.

According to the manufacturing method as shown 1n
FIGS. 11A to 11D, etching 1s performed on the insulating
layer 136 by use of a mask corresponding to the resist film 15
151 having the opening 151a whose wall 1s slanted by the
slanted angle 0 ranging from 20° to 80° against the bottom
of the mnsulating layer 136; hence, 1t 1s possible to easily
process the imsulating layer 136 to have the opening 136a
whose wall 1s slanted by the slanted angle 0 ranging from 20
20° to 80° against the bottom of the insulating layer 136.

Thus, it 1s possible to prevent the wiring layer 139 for the
thin-film element from being broken; and 1t 1s possible to
casily produce semiconductor devices having thin-film ele-
ments that 1s improved 1n reliability in terms of wiring. 25

Next, a modified example of the second embodiment will
be described 1n detail.

FIG. 12 1s a cross-sectional view showing essential parts
ol a semiconductor device 1n accordance with a first modi-
fied example of the second embodiment of the immvention. 30
Compared with the semiconductor device of the second
embodiment shown 1n FIG. 10 in which the openings 136a
to 138a are gradually expanded outwardly in a step-like
manner 1n such a way that the opening 137a of the inter-
mediate 1insulating layer 137 1s opened outside of the open- 35
ing 136a of the lowermost mnsulating layer 136, and the
opening 138a of the uppermost insulating layer 138 1is
opened outside of the opening 137a of the intermediate
insulating layer 137, the semiconductor device of FIG. 12 1s
characterized 1n that the openings 1364 to 138a are inwardly 40
reduced 1n a step-like manner in which the opening 137a of
the intermediate insulating layer 137 1s opened 1nside of the
opening 136aq of the lowermost imnsulating layer 136, and the
opening 138a of the uppermost insulating layer 138 1is
opened inside of the opening 137a of the intermediate 45
isulating layer 137.

The aforementioned openings 136a to 138a shown in
FIG. 12 can be formed 1n accordance with steps similar to
the foregoing steps for forming the openings 136a to 1384
shown in FIG. 10. Herein, 1t 1s necessary to use masks 50
having patterns realizing the openings 136a, 137a, and 138a
shown 1n FIG. 12.

According to the first modified example shown 1n FIG.
12, similarly to the second embodiment shown in FIG. 10,
it 1s possible to increase the thickness of the wiring layer 139 55
formed on the walls of the openings 1364 to 138a; therelore,
it 1s possible to prevent the wiring layer 139 for the thin-film
clement from being broken; hence, 1t 1s possible to avoid the
occurrence of the initial characteristic failure such as the
open failure due to the failure of the wiring layer 139. As a 60
result, 1t 1s possible to improve the reliability 1n wiring; and
it 1s possible to 1mprove the reliability 1n manufacturing
semiconductor devices having thin-film elements.

FIG. 13 15 a cross-sectional view showing essential ele-
ments of a semiconductor element having a thin-film ele- 65
ment 1n accordance with a second modified example of the
second embodiment of the mmvention. Compared with the
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semiconductor device of FIG. 10 in which the openings
136a to 138a are expanded outwardly 1n a step-like manner
in which the opening 137a of the intermediate insulating
layer 137 1s opened outside of the opening 136a of the
lowermost msulating layer 136, and the opening 138a of the
uppermost insulating layer 138 1s opened outside of the
opening 137a of the mtermediate msulating layer 137, the
semiconductor device of FIG. 13 1s characterized in that the
opening 137a of the itermediate msulating layer 137 1s
opened mwardly of the opening 136a of the lowermost
isulating layer 136, and the opening 138a of the uppermost
insulating layer 138 1s opened outwardly of the opening
137a of the intermediate insulating layer 137 and 1s inwardly
of the opening 1364a of the lowermost msulating layer 136.

The aforementioned openings 136a to 138a shown 1n
FIG. 13 can be formed 1n steps similar to the foregoing steps
for forming the openings 136a to 138a shown in FIG. 10.
Herein, 1t 1s necessary to use masks having patterns realizing
the openings 136a, 137a, and 138a shown 1 FIG. 13.

According to the second modified example shown 1n FIG.
13, similarly to the second embodiment shown 1n FIG. 10,
it 1s possible to increase the thickness of the wiring layer 139
formed on the walls of the openings 1364 to 138a; therelore,
it 1s possible to prevent the wiring layer 139 for the thin-film
clement from being broken; hence, it 1s possible to avoid the
occurrence of the initial characteristic failure such as the
open failure due to the failure of the wiring layer 139. As a
result, it 1s possible to improve the reliability in wiring; and
it 1s possible to 1mprove the reliability 1n manufacturing
semiconductor devices having thin-film elements.

FIG. 14 1s a cross-sectional view showing essential parts
ol a semiconductor device 1n accordance with a third modi-
fied example of the second embodiment of the invention.
Compared with the semiconductor device of FIG. 10 1n
which the openings 136a to 1384 are expanded outwardly in
a step-like manner in which the opening 137a of the inter-
mediate msulating layer 137 1s opened outside of the open-
ing 136a of the lowermost insulating layer 136, and the
opening 138a of the uppermost mnsulating layer 138 1is
opened outside of the opening 137a of the intermediate

insulating layer 137, the semiconductor device of FIG. 14 1s
characterized 1n that the opening 137a of the intermediate
insulating layer 137 1s opened inwardly of the opening 1364
of the lowermost insulating layer 136, and the opening 138a
of the uppermost msulating layer 138 1s opened inwardly of
the opening 137a of the mtermediate msulating layer 137
and the opening 136qa of the lowermost isulating layer 136
respectively.

The aforementioned openings 136a to 138a shown 1n
FIG. 14 can be formed 1n steps similar to the foregoing steps
for forming the openings 136a to 138a shown in FIG. 10.

Herein, 1t 1s necessary to use masks having patterns realizing
the openings 136a, 137a, and 138a shown 1 FIG. 14.

According to the third modified example shown i FIG.
14, similarly to the second embodiment shown in FIG. 10,
it 1s possible to increase the thickness of the wiring layer 139
formed on the walls of the openings 1364 to 138a; therelore,
it 1s possible to prevent the wiring layer 139 for the thin-film
clement from being broken; hence, it 1s possible to avoid the
occurrence of the initial characteristic failure such as the
open failure due to the failure of the wiring layer 139. As a
result, 1t 1s possible to improve the reliability 1n wiring; and
it 1s possible to 1mprove the reliability 1n manufacturing
semiconductor devices having thin-film elements.
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3. Third Embodiment

A semiconductor substrate having monitoring elements
will be described 1n accordance with a third embodiment of
the invention with reference to FIGS. 17 to 19, wherein parts
identical to those shown 1n FIGS. 26 to 29 are designated by
the same reference numerals, and wherein for the sake of
simplicity and explanation, FIGS. 17 to 19 are not accurately
illustrated 1n scale.

FIG. 19 1s a plan view showing the periphery of a
monitoring element 203 formed 1n a scribing line 202 that 1s
tformed between seal rings 205, which encompass IC regions
201 (not specifically illustrated). Numerous IC regions 201
are formed 1n a matrix form on the semiconductor substrate
(not shown), wherein FIG. 19 shows essential parts for the
explanation of seal rings used for the protection of the
monitoring element 203.

On the left side of FIG. 19, a passivation opening 204 1s
formed by removing the solid passivation film that may
disturb dicing. On the right side of FIG. 19, a monitoring
clement region 231 1s formed and 1s encompassed by
secondary seal rings 206 used for the protection of the
monitoring element 203. The monitoring element 203 1s
formed 1n the monitoring element region 231. In the present
embodiment, the secondary seal rings 206 used for the
protection of the monitoring element 203 are formed in the
periphery of the monitoring element region 231 and are
reduced 1n widths compared with widths of the aforemen-
tioned seal rings 205 used for the formation of the IC regions
201.

FIG. 18 1s a cross-sectional view taken along line A—A' in
FIG. 17, which shows essential parts in relation to the
secondary seal ring 206. The secondary seal ring 206 used
for the protection of the monitoring element 203 i1s consti-
tuted by three metal layers 1M, 2M, and 3M sandwiching,
interlayer insulating films 215-1 and 125-2 therebetween.
Via holes 219 are continuously formed between the metal
layers 1M—-3M 1n relation to interlayer insulating films so as
to produce a pattern for encompassing the monitoring ele-
ment 203 1n plan view, whereby 1t 1s possible to partially
break the interlaver insulating films. Specifically, a field
oxidation film 212 1s formed on a silicon substrate (not
shown); a CVD oxidation film serving as a first interlayer
insulating film 214-1 1s formed on the field oxidation film
212; and the first metal layer 1M 1s formed on the CVD
oxidation film. A second interlayer insulating film 213
constituted by a CVD oxidation film 214-2, an SOG film
215-1, and a CVD oxidation film 214-3 1s formed on the
metal layer IM. A third mterlayer mnsulating film 217 con-
stituted by a CVD oxadation film 214-4, an SOG film 215-2,
and a CVD oxidation film 214-35 1s formed on the second
metal layer 2M, which 1s formed on the second interlayer
insulating film 213. In addition, a passivation film 222 1is
tformed on the uppermost surface of the third metal layer
3M, which 1s formed on the CVD oxidation film 214-5. That
1s, the secondary seal ring 206 having the aforementioned
cross-sectional structure 1s formed in the periphery of the
monitoring element region 231.

As described above, the secondary seal ring 206 used for
the protection of the monitoring element 203 provides the
via holes 219 1n relation to the interlayer insulating films 213
and 217 each constituted by three layers, 1.e., the CVD
oxidation film, SOG film, and CVD oxidation film, whereby
it 1s possible to partially break the interlayer msulating films
213 and 217. The secondary seal ring 206 having the
alorementioned cross-sectional structure 1s formed to
encompass the monitoring element region 231. The second-
ary seal ring 206 1s characterized in that in each of the
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interlayer isulating films 213 and 217, the SOG film, which
may be weak 1n water infiltration, 1s partially broken; hence,
it 1s possible to reliably block water from 1nfiltrating into the
monitoring element 203. The secondary seal ring 206 1s
designed such that three metal layers 1M—3M are vertically
arranged 1n connection with the via holes 219; hence, it 1s
possible to reduce the width of the secondary seal ring 206
compared with the aforementioned seal ring 205, details of
which are shown in FIG. 19.

FIG. 19 1s a cross-sectional view taken along line B-B' in
FIG. 17, which shows essential parts 1n relation to the seal
ring 205 used for the formation of the IC region 201. Herein,
the seal ring 205 1s adapted to the IC region 201 having four
wiring layers, 1.e., metal layers 1M, 2M, 3M, and 4M.
Specifically, a CVD oxidation film 214-1 serving as a first
interlayer mnsulating film 1s formed on a field oxidation film
(not shown); a first metal layer 1M 1s formed on the first

interlayer isulating film; a second interlayer insulating film
213 constituted by a CVD oxadation film 214-2, an SOC film

215-1, and a CVD oxidation film 214-3 1s formed on the first
metal layer 1M; and a third interlayer insulating film 217
constituted by a CVD oxidation film 214-4, an SOG film
215-2, and a CVD oxidation film 214-5 1s formed on the
second 1nterlayer insulating film 213 via the second metal
layer 2M. The first metal layer 1M and the second metal
layer 2M 1s directly connected together via a contact hole
223, 1n which a side wall 221 1s formed to secure the
connection between the metal layers 1M and 2M. Similarly,
the third metal layer 3M and the fourth metal layer 4M,
details of which are omitted, are formed above the third
interlayer isulating film 217. In addition, a passivation film
222 1s formed on the uppermost surface. The aforemen-
tioned seal ring 205 requires a satisfactory width securing
the long-term guarantee of reliability. In contrast, the moni-
toring element 203 merely requires a short-term protection
by the secondary seal ring 206. Compared with the seal ring
2035, 1t 1s suflicient for the secondary seal ring 206 to be
formed by minor wiring rules with respect to sizes of via
holes 219 and widths of metal layers 1IM-3M, for example.
Thus, 1t 1s possible to reduce the overall area occupied by the
seal rings 206.

Next, the outline of the manufacturing method for the
semiconductor substrate will be described, wherein ICs are
formed by the conventionally known method, which 1s thus
omitted 1n order to avoid complication of explanation.
Hereinafter, a description will be given mainly with respect
to the formation of a secondary seal ring used for the
protection of a monitoring element.

The secondary seal ring i1s formed simultaneously
together with the corresponding monitoring element, elec-
trodes, wiring, isulating films, and other necessary parts.

In the case of a p-type substrate, for example, p-type
impurity-doped regions (1.e., p wells) are formed for the
preparation of the formation of elements on the surface of a
silicon substrate. Then, a field oxidation film 1s formed for
the separation of elements. A gate electrode for the forma-
tion of a monitoring element 1s formed on the field oxidation
film. An element having a lightly doped drain (LLDD) struc-
ture 1s formed so as to define a SD region. A CVD oxidation
film 1s formed as a first interlayer insulating film on the
overall surface of the substrate. A contact hole 1s formed 1n
the CVD oxidation film.

Next, a first metal layer 1s formed 1n a seal ring region of
a scribing line. A second interlayer imsulating film 1s formed
by sequentially laminating three layers, 1.e., a CVD oxida-
tion film, an SOG film, and a CVD oxidation film. The

second interlayer insulating film 1s subjected to etching so as
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to form a first via hole, by which the second interlayer
insulating film 1s partially broken.

Similarly, a second metal layer, a third interlayer insulat-
ing film, a second via hole, and a third metal layer are
sequentially formed. Lastly, a ‘solid” passivation film (e.g.,
a silicon nitride film) 1s formed on the overall area of a
monitoring element region, 1n which a monitoring element
1s formed.

Next, modified examples of the third embodiment of the
invention will be described with reference to FIGS. 20 to 25.

FIG. 20 1s a plan view showing the layout for arranging
a monitoring element 1 a scribing line on the surface of a
semiconductor substrate 1in accordance with a first modified
example of the third embodiment of the mnvention.

Compared with the semiconductor substrate shown in
FI1G. 17, the semiconductor substrate shown in FIG. 20 1s
characterized in that a secondary sealing ring 206 used for
the protection of a monitoring element 203 1s connected with
a well region of a silicon substrate, wherein the secondary
sealing ring 206 1s connected with a well pad 207 used for
measurement.

According to the structure shown 1n FIG. 20, 1t 1s possible
to stabilize the well potential of the monitoring element 203,
which 1s thus improved in measurement decision.

In addition, the aforementioned structure 1s advantageous
in that corrosion and roughness of etched surfaces due to
processing ol scribing lines are dificult to occur after dry
ctching and wet etching thereaiter.

FIG. 21 1s a cross-sectional view taken along line C—C' in
FIG. 20, which shows essential parts with respect to the
secondary seal ring 206 used for the protection of the
monitoring element 203. The basic structure regarding the
secondary seal ring 206 shown 1n FIG. 21 1s similar to that
shown 1 FIG. 18; hence, the detailed description thereof
will be omitted. Compared with the structure shown 1n FIG.
18, the structure shown 1n FIG. 21 i1s characterized 1n that the
secondary seal ring 206 1s connected to a p+ well extraction
portion 208 1n the p well region of the substrate.

FIG. 22 1s a cross-sectional view taken along line D-D' in
FIG. 20, which shows essential parts with respect to a seal
ring 205 used for the formation of the IC region 201. The
basic structure regarding the seal ring 205 shown 1n FIG. 22
1s similar to that shown in FIG. 19; hence, the detailed
description thereof will be omitted. Compared with the
structure shown in FIG. 19, the structure shown 1n FIG. 22
1s characterized 1n that the seal ring 205 1s connected onto
the p+well extraction portion 208 of the substrate.

The manufacturing method for the secondary seal ring
206 shown in FIG. 21 according to the first modified
example 1s similar to the manufacturing method for the
secondary seal ring 206 shown in FIG. 18; hence, the
detailed description thereof will be omitted.

Next, FIG. 23 1s a plan view showing the layout for
arranging a monitoring element 1n a scribing line on the
surface of a semiconductor substrate 1n accordance with a
second modified example of the third embodiment.

In this example, secondary seal rings 206-1 and 206-2
share functions of the seal rings 205 used for the formation
of an IC region and are basically formed in the same
structure of the seal rings 2035, wherein the secondary seal
rings 206-1 are continuously formed together with the seal
rings 205, whereas the other secondary seal rings 206-2 are
formed independently of the seal rings 205 because they are
used for the protection of the monitoring element 203. The
basic structure of the seal rings 205, 206-1, and 206-2 1s
similar to that described in conjunction with the third
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embodiment and 1ts first modified example; hence, the
detailed description thereof will be omitted.

The second modified example of FIG. 23 1s characterized
in that the seal rings 205, 206-1, and 206-2 share the same
function and basically have the same structure, wherein it 1s
possible to noticeably reduce the overall area regarding the
seal rings, which contribute to the comprehensive or partial
reduction of the width of the scribing line.

Next, FIG. 24 1s a plan view showing the layout for
arranging a monitoring element 1n a scribing line the surface
on a semiconductor substrate in accordance with a third
modified example of the third embodiment.

Compared with the semiconductor substrate shown 1n
FI1G. 23, the semiconductor substrate shown in FIG. 24 1s
characterized in that the monitoring element 203 1s not
formed 1n the center area of the scribing line 202 but is
slightly shifted in position within the scribing line 202;
specifically, in FIG. 24, the momtoring clement 203 1s
shifted upwardly in the scribing line 202. This reliably
avoids the occurrence of cracking. Other structural points of
the third modified example are similar to those of the third
embodiment and its first and second modified examples
described above; hence, the detailed description thereof will
be omuitted.

Next, FIG. 25 1s a plan view showing the layout for
arranging a monitoring element in a scribing line on the
surface of a semiconductor substrate in accordance with a

fourth modified example of the third embodiment.

This example 1s characterized 1n that a part of the sec-
ondary seal ring 206-2, which 1s formed between the pas-
sivation opening 204 and the monitoring element region 231
s0 as to encompass the monitoring element region 231, 1s
removed to form a seal opeming 261.

In the aforementioned structure having no via hole for
blocking water 1n the seal opening 261, there 1s a possibility
that water, which exists 1n the passivation opening 204, may
infiltrate 1mto the monitoring element region 231 through
SOG films (not shown). By monitoring variations of char-
acteristics of the monitoring element 203, 1t 1s possible to
estimate the diflusion velocity of water mnto interlayer films
(not shown) of the monitoring element region 231, which
can be applied to simulation regarding the evaluation of
resistances of elements incorporated in integrated circuits
and the occurrence of defectiveness of integrated circuits,
for example.

As this mvention may be embodied 1n several forms
without departing from the spirit or essential characteristics
thereof, the aforementioned embodiments are therefore
illustrative and not restrictive, since the scope of the mnven-
tion 1s defined by the appended claims rather than by the
description preceding them, and all changes that fall within
metes and bounds of the claims, or equivalents of such metes
and bounds are therefore intended to be embraced by the
claims.

What 1s claimed 1s:

1. A semiconductor substrate that 1s partitioned along
scribing lines so as to form a plurality of IC regions
encompassed by seal rings, wherein a passivation opening 1s
formed in the scribing line in which a monitoring element 1s
formed within a monitoring element region, which 1is
encompassed by secondary seal rings.

2. A semiconductor substrate according to claim 1,
wherein the secondary seal rings are each connected with a
silicon substrate.
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3. A semiconductor substrate according to claim 1,
wherein a part of the secondary seal rings share the same
functions of the seal rings used for formation of the IC
regions.

4. A semiconductor substrate according to claim 1,
wherein a part of the secondary seal ring, which lies between
the momitoring element region and the passivation opening,
in the scribing line, 1s removed.

5. A semiconductor substrate according to claim 1,
wherein a width of the seal ring 1s greater than a width of the
secondary seal ring.

6. A semiconductor substrate according to claim 1,
wherein the seal ring has a laminated structure having a
plurality of metal layers, which are laminated together via an

insulating layer and are mutually connected together via a
contact hole.
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7. A semiconductor substrate according to claim 1,
wherein the secondary seal ring has a laminated structure
having a plurality of metal layers, which are laminated
together via an insulating layer and are mutually insulated
from each other by way of a via hole.

8. A semiconductor substrate comprising:

scribing lines that partition the semiconductor substrate to

form a plurality of IC regions;

first seal rings that encompass each of the IC regions:

at least one passivation opening in the scribing line;

a monitoring element formed within a monitoring element

region of the passivation opening; and

secondary seal rings, which encompass the monitoring

clement.
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